Ring-opening fluorination reactions of epoxides using tetrabutylammonium bifluoride (TBABF)-KHF 2 , or Et 3 N-3HF under microwave irradiation were applied for the introduction of a fluorine atom into the carbohydrate molecules. When TBABF-KHF 2 was used as the fluorination reagent, a fluorine atom was introduced regioselectively and various functional groups can tolerate the conditions. When Et 3 N-3HF was used under microwave irradiation, the reaction time could be remarkably shortened compared with the conventional oil-bath heating.
irradiation to the ring-opening fluorination of epoxides using Et 3 N-3HF can remarkably shorten the reaction time [10] . We applied these methods to the fluorinated carbohydrate and nucleoside synthesis, and succeeded in improving the yield, selectivity, and/or shortening the reaction time.
Results and Discussion
2.1. Fluorinated carbohydrates synthesis using TBABF-KHF 2 or Et 3 N-3HF under microwave irradiation 2,3,6-Trideoxy-6-fluoro-D-arabino-hexano-1,4-lactone (2) was previously prepared from an epoxide (1) by the ring-opening fluorination using tetrabutylammonium dihydrogen trifluoride (TBATF)-KHF 2 [7] or Et 3 N-3HF [8] in 70% or 55% yield, respectively. However, long time was required to complete the reactions (at 75 °C for 39h or at 70 °C for 3 days, respectively). When TBABF-KHF 2 was used for the reaction with 1, it failed to improve the result (Entry 1 in Table 1 ). On the other hand, under the microwave irradiation condition, the reaction of 1 with Et 3 N-3HF was completed in 10 min and 2 was obtained in 80% yield (Entry 2). Not only could the reaction time be remarkably shortened but also the yield could be improved.
Application of the microwave irradiation method was found to be effective to shorten the reaction time in the fluorination of 2-deoxy-5,6-epoxy-D-arabino-hexano-1,4-lactone (3) with Et 3 N-3HF, and the fluorinated product was isolated as a diacetate (4) in 67% yield after the microwave irradiation for 25 min at 120 °C (Entry 3). The reaction of 3 with Et 3 N-3HF was previously carried out under conventional oil-bath heating and it took 3 days at 70 °C to obtain the fluorinated product in 65% yield [8] . A 6-fluoro-6-deoxy-D-glucofuranose derivative (6) , which was previously prepared by nucleophilic substitution reaction from cyclic sulfonate of the diol [11, 12] , was directly prepared from an epoxide (5) . The fluorination of 5 with TBABF-KHF 2 regioselectively proceeded at 70 °C in 48h to give 6 in 78% yield (Entry 4), while the reaction of 5 with Et 3 N-3HF was completed in 45 min at 120 °C under microwave irradiation to give 6 in 74 % yield without formation of the regioisomer (Entry 5). In these reactions, the products could be obtained with higher regioselectivity than in the cases of simple terminal epoxides [9, 10] . The high selectivity can be attributed to an oxygen atom located at the α-carbon of the epoxides [13] . The fluorination of an internal epoxide in methyl 2,3-anhydro-β-D-ribopyranoside (7) was previously carried out using TBATF-KHF 2 at 130 °C for 12h and methyl 3-deoxy-3-fluoro-β-D-xylopyranoside (8) was obtained in 70% yield with its regioisomer (6%) [14] . When TBABF-KHF 2 was used, the reaction with 7 proceeded at 120 °C in 5h to selectively provide 8 in 70% yield (Entry 6 recently prepared from the corresponding 2'-α-spiroepoxyuridine derivative (9) by the reaction with KHF 2 at 130 ºC for 8h [16] . However, the desired product 10 was obtained only in 35% yield with many by-products including its regioisomer 11.
When the reaction was carried out using TBABF-KHF 2 in CH 3 CN, 11 could be obtained in 74% yield without the formation of 11 (eq 1). 
Experimental

General Experimental Procedures
The IR spectra were recorded using a JASCO FT/IR-410. The 1 H NMR (400 MHz), 13 C NMR (100 MHz), and 19 F NMR (376 MHz) spectra were recorded in CDCl 3 on a JEOL JNM-A400II FT NMR and the chemical shifts, δ, are referred to TMS ( 1 H and 13 C) and CFCl 3 ( 19 F), respectively. The EI-low and high-resolution mass spectra were measured on a JEOL JMS-700TZ, JMS-FABmate or JMS-HX110. Microwave irradiation was carried out using an IDX microwave oven for organic synthesis (0-300 W, IMCR-25003) equipped with a temperature control system. Compounds 1 [17] , 3 [17] , 5 [18] , 7 [19] , and 9 [16] were prepared according to literatures. KHF 2 and 46 % aq HF were purchased from Wako Pure Chemical Industries. Ltd. Et 3 N-3HF and TBAF (1 M solution in THF) were purchased from Aldrich.
Preparation of TBABF
To a 1 M THF solution of TBAF (30 ml, 30 mmol) in a glass flask was added 46% aq HF (1.3 g, 30 mmol), and the volatile part was removed by an evaporator. Complete removal of water gave pure TBABF as a highly viscous liquid which is difficult to handle. Therefore, we recommend removing the water completely just before use. 
Fluorinated carbohydrates synthesis
2,3,6-Trideoxy-6-fluoro-D-arabino-hexano-1,4-lactone (2) [7,8]
Method A: A mixture of crude TBABF (423 mg, 1.5 mmol) and KHF 2 (12 mg, 0.15 mmol) in a glass flask was kept at 100 ºC / 0.55 mmHg for 15 min to remove water completely. After cooling to room temperature, 1 (64 mg, 0.5 mmol) and CH 3 CN (1 ml) were added, and the mixture was stirred at 70 ºC for 48h. After cooling to room temperature, water (2 ml) and ether (2 ml) were added. The separated aqueous layer was extracted with ether three times, and the combined organic phase was dried over Method A: After complete removal of water from a mixture of the crude TBABF (423 mg, 1.5 mmol) and KHF 2 (45 mg, 0.15 mmol), 9 (55 mg, 0.11 mmol) and CH 3 CN (2 ml) were added, and the mixture was stirred at 60 ºC for 24h. After cooling to room temperature, water (2 ml) and ether (2 ml) were added. The separated aqueous layer was extracted with ether three times, and the combined organic phase was dried over 
